Objective: The aim of this study is to evaluate fall rates across body mass index (BMI) categories by age group, considering physical performance and comorbidities. Method: In the Osteoporotic Fractures in Men (MrOS) study, 5,834 men aged ≥65 reported falls every 4 months over 4.8 (±0.8) years. Adjusted associations between BMI and an incident fall were tested using mixed-effects models. Results: The fall rate (0.66/man-year overall, of Aging and HealthHooker et al.
Introduction
Falls are the leading source of injury and disability in adults aged 65 years and older (Stevens, Mack, Paulozzi, & Ballesteros, 2008) . One in three older adults falls annually, and the likelihood of falling increases with advancing age (Tinetti, Speechley, & Ginter, 1988) . In addition, performance on tests of gait and balance decline with age (Seeman et al., 1994) , and in turn, poor performance is strongly associated with increased fall risk (Nevitt, Cummings, Kidd, & Black, 1989; Tinetti et al., 1988) . Moreover, physical function and gait stability are lower in individuals who are obese (Capodaglio et al., 2010; Maffiuletti et al., 2005; Mignardot, Olivier, Promayon, & Nougier, 2010) ; therefore, obesity among older adults may be particularly problematic for falls. Individuals who are obese report a greater prevalence of fall history (Fjeldstad, Fjeldstad, Acree, Nickel, & Gardner, 2008; Mitchell, Lord, Harvey, & Close, 2014; Ren et al., 2014; Siqueira et al., 2011) , but prospective studies show inconsistent associations between body mass index (BMI) and falls (Himes & Reynolds, 2012; Kelsey, Procter-Gray, Hannan, & Li, 2012) . Women who have android body fat distribution or a higher center of mass, both more common in men, have an increased risk of falls (Almeida, Castro, Pedreira, Heymann, & Szejnfeld, 2011; Hita-Contreras et al., 2013) , indicating that sex differences in the BMI-falls association due to body fat distribution may exist. In recent decades, the prevalence of obesity among men older than 60 years in the United States increased to an estimated 32%, one third of whom are Class II or III obese (Ogden, Carroll, Kit, & Flegal, 2014) .
The concurrent aging of the U.S. population and the rise in prevalence of obesity among older adults (Mokdad et al., 1999) prompted our evaluation of the association between BMI and prospectively ascertained falls in the Osteoporotic Fractures in Men (MrOS) study, and the effects of age and physical function on this association. Although previous MrOS publications have added to our understanding of fall rates in older men, ours is the first to specifically examine the association between BMI and falls.
Method

Study Population
MrOS is a prospective cohort study of community-dwelling men in the United States. Between March 2000 and April 2002, 5,994 men were enrolled in the study at six clinical centers: Birmingham, AL; Minneapolis, MN; Palo Alto, CA; Pittsburgh, PA; Portland, OR; and San Diego, CA. MrOS participants met the following criteria: at least 65 years of age, able to consent, able to walk without the assistance of another person, and no bilateral hip replacement. One hundred sixty participants were excluded from this analysis due to missing BMI (n = 2), underweight (BMI less than 18.5, n = 6), missing data on falls (n = 18), and missing data on physical function tests (n = 134). All participants provided informed consent, and the protocol was approved by the institutional review boards of participating institutions. MrOS study design and recruitment details have been published elsewhere Orwoll et al., 2005) .
BMI Measurement
During the baseline clinic visit, MrOS participants had their height (cm) measured using Harpenden stadiometers and weight (kg) on calibrated standard balance beam or digital scales. BMI was calculated from height and weight measures and classified according to the World Health Organization (WHO) guidelines as normal weight (18.5-24.9 kg/m 2 ), overweight (25-29.9 kg/m 2 ), Obese Class I (30-34.9 kg/m 2 ), and Obese Classes II and III (≥35 kg/m 2 ). Only six men were underweight (<18.5 kg/m 2 ) at the baseline visit; therefore, this category was excluded from analysis.
Ascertainment of Falls
Study participants received a one-page follow-up questionnaire every 4 months. Those who reported falling in the previous 4 months were asked how many times (1, 2, 3, 4, or ≥5; Orwoll et al., 2005) . Participants who did not initially return or who did not adequately complete the questionnaire received a telephone call. The present study included fall reports from the first through the 15th (5 years) tri-annual questionnaire cycles. A total of 5,976 men (99.7%) returned at least one questionnaire (those who did not were excluded from this analysis), of which 86.2% returned all 15 questionnaires. About 99% had at least one full year of follow-up. Participants were followed until death or termination from the study. Incident fall rates were calculated by dividing the total number of falls, including recurring falls, by corresponding person-years. The highest fall rates may be underestimated due to the questionnaire's truncated response options, where men with five or more reported falls were categorized as having five falls.
Physical Performance
Physical performance measures included grip strength, leg power, 6 m walk speed, dynamic balance time, and repeated chair stand time. Grip strength was assessed in each hand using a handheld dynamometer, and the maximum score (kg) from two trials from both hands was analyzed. Leg extension power was measured on the Nottingham Power Rig (University of Nottingham, England) with nine trials for each leg. The maximum value (watts) from either leg was analyzed (Bassey et al., 1992; Bassey & Short, 1990) . Walking speed was assessed on a standard 6-m walking course; participants were instructed to walk at their normal pace and the fastest speed (m/s) of two trials was analyzed. Time to complete a narrow walk course of 6 m × 20 cm was used as an indirect measure of dynamic balance. Participants were considered able to complete the narrow walk trial if they had no more than two deviations from the lane. Participants' ability to rise from a chair 5 times without using their arms and the time required to complete the task were determined. Participants who could not complete a physical function measure were classified as "unable." Those who were able were categorized into tertiles with the best scores as the first tertile, the worst as the third tertile, and "unable" as the fourth group. Participants who were missing walking speed, grip strength, chair stand time, or narrow walk time were excluded from the study (n = 134).
Physical Activity
The Physical Activity Scale for the Elderly (PASE), a score calculated from various physical activities, including sitting, walking, exercising, housework, and volunteer work, in the previous 7 days (Washburn, McAuley, Katula, Mihalko, & Boileau, 1999; Washburn, Smith, Jette, & Janney, 1993 ) was used to assess participants' physical activity level at baseline. Participants who responded yes to having any difficulty with at least one of the following five activities of daily living (ADLs) were categorized as having an ADL impairment: walking two or three blocks outside on level ground, climbing 10 steps without resting, preparing their own meals, doing heavy housework, or doing their own shopping. Men who reported that they walked outside their home or yard at least 5 of the previous 7 days were categorized as "often" walking outside. PASE score, ADL impairments, and often walking outside were self-reported at baseline.
Medication Use and Medical Conditions
Participants were asked to bring all prescription medications they had taken daily or almost daily for at least 1 month to the clinic visit. If a participant did not bring one or more medications, clinic staff obtained this information by telephone or at a return visit. Each medication was verified by pill bottle examination, entered into an electronic database, and matched to its ingredient(s) using the Iowa Drug Information Service (IDIS) Drug Vocabulary (College of Pharmacy, University of Iowa, Iowa City, IA; Pahor et al., 1994) . Medications included antihypertensive agents, hypoglycemic agents, selective serotonin reuptake inhibitors, tricyclic antidepressants, statins, benzodiazepines, anticonvulsants, and opioid analgesics.
All medical conditions were self-reported at baseline in response to the question, "Has a doctor or other health care provider ever told you that you had or have . . . ?" Medical conditions examined in the analysis included osteoarthritis, arthritis in the hip and knee, back and lower back pain, osteoporosis, diabetes, hypertension, and stroke. Participant self-reported health was based on their response to the question "Compared with other people your own age, how would you rate your overall health?" Men who reported having one or more falls during the previous 12 months were categorized as having a history of falls.
Statistical Analyses
After exclusions, 5,834 men were included in the analytic data set. In descriptive analyses, we examined differences in baseline characteristics by BMI group, using chi-square tests for categorical variables and ANOVA for continuous variables. Sidak post hoc tests were used to compare means for each BMI group compared with the normal BMI group. Incident fall rate and confidence intervals were calculated for each BMI category. The probability of any reported fall was modeled using generalized linear mixed-effects (GLMM) models, comparing higher BMI categories with the normal BMI reference category. All models included age and clinic site as covariates. Confounding was assessed by entering covariates to the base model to determine whether the association between falls and any of the BMI categories changed by 10% or more. Potential confounders included medical conditions and medications, and potential mediators were measures of physical activity and physical function. The final multivariable model included adjustments for age, site, and narrow walk time. The interaction of age and BMI was tested in GLMM models to assess age as a potential effect modifier of the BMI-falls association. All analyses were conducted using SAS version 9.4 (SAS Institute, Inc. Cary, NC, USA).
Results
The majority of men in this study were overweight (51%) or obese (21%), and mean ages in these higher BMI groups were 2.5 to 3.5 years lower than the mean age in the normal BMI group (74.8 ± 6.3 years, Table 1 ). Approximately 17% of men were 80 years or older, 13% of whom were obese. In descriptive analyses, we observed that men who were overweight and obese had 13% to 26% greater leg power and 5% to 6% higher grip strength than men with normal BMI (Table 1) . Men who were in the highest BMI group had 15% slower walking speed and 11% slower narrow walk time compared with men with normal BMI. These differences were significant (p < .05) in post hoc analyses. About 17% of men who were Obese Classes II and III were unable to complete the narrow walk test whereas only 8% of men with normal BMI were unable to complete the test. Incrementally higher BMI showed higher prevalence of chronic medical conditions, with hypertension nearly twofold and diabetes threefold more frequent among men with BMI in the overweight and obese categories. Likewise, medication use was more prevalent in men with higher BMI.
Over an average of 4.8 ± 0.8 years of follow-up, the fall rate was 0.66 per man-year. Fall rates increased with greater BMI, with men who were the most obese (≥35 kg/m 2 ) having the highest fall rate (0.84/man-year) overall but with a wide range across ages in this BMI category (Figure 1 ). Rate of falls increased with greater age, with the highest fall rate in men aged 80 years and older (1.02/man-year). The strength of association between BMI and falls appeared stronger in younger age groups than in men aged 80 and older, and the interaction was statistically significant (p = .03). Among men aged 65 to 79 years, higher fall rates occurred in higher BMI categories; men aged 65 to 69 with Obesity Classes II and III had nearly twice the risk of falls of normal weight men in the same age group (Table 2) . Adjustment for medical history and medication use, including history of stroke or Parkinson's disease and use of hypoglycemic and antihypertensive agents, did not substantially alter these associations (data not shown). Adjustment for physical performance measures as potential mediators showed that narrow walk time attenuated the risk of falls for men in Obese Classes II and III by up to 26%, such that the association in men aged 70 to 79 lost significance and only the youngest age group remained significant.
Discussion
This prospective study of older men demonstrated an increased risk of falls among men who were obese, but only among those below age 80. In fact, fall rates in men who were obese below age 80 years were equivalent to fall rates for normal weight men in age groups 5 to 10 years older (Figure 1) . Being overweight carried no increased risk of falls compared with normal weight. Potential mechanistic links between obesity and fall risk include direct effects of increased body mass on postural instability and obesity-related chronic conditions and medications that affect balance and physical performance (Clark, 2015; Corbeil, Simoneau, Rancourt, Tremblay, & Teasdale, 2001; Kelsey et al., 2012; Lord, Menz, & Tiedemann, 2003; Maffiuletti et al., 2005; Mignardot et al., 2010) . Greater numbers of functional impairments and physical limitations generally increase fall risk (Lord et al., 2003) , and our descriptive analyses suggested that these impairments are more prevalent among individuals who are obese (Capodaglio et al., 2010) . Postural control, body orienting reflexes, muscle strength and tone, and stepping height all decrease with aging and impair ability to avoid a fall after an unexpected trip or slip (Rubenstein, 2006) . Therefore, in the present study, we evaluated the Note. BMI = body mass index. physical function measures as potential mediators and found that only dynamic balance performance on the narrow walk test, an indicator of gait stability, explained a portion of the observed BMI-falls association. The Health and Retirement Study (HRS) also observed statistically significant associations between obesity and falls (minimally adjusted odds ratios of 1.34-2.20, increasing with severity of obesity; Himes & Reynolds, 2012) . The magnitude of the association was attenuated after adjustment for self-reported pain, dizziness, vision problems, diabetes, stroke, and arthritis (Himes & Reynolds, 2012 ), suggesting these factors may be potential mediators along the obesity-falls pathway. Although the current study included repeated objective measures of >5,000 men, it has fewer total individuals than the HRS, which perhaps limited our ability to detect these chronic conditions as mediators. A cross-sectional study of community-dwelling older adults found a 25% to 31% higher risk of falls and a higher prevalence of pain and inactivity in obese participants compared with normal weight participants (Mitchell et al., 2014) . Another study suggested that self-reported sedentary behavior, chronic health conditions, and medication use were mediators of the obesity-falls association (Mitchell, Lord, Harvey, & Close, 2015) . In other studies, increased fall risk occurred among older adults with lower limb arthritis (Sturnieks et al., 2004) , diabetes (Maurer, Burcham, & Cheng, 2005) , and stroke history (Simpson, Miller, & Eng, 2011) . In the MrOS cohort, adjustment for these conditions did not alter the associations between BMI and falls. However, collectively, these studies point to multiple physical function and medical management targets for prevention of falls in older adults who are obese. Our study elucidates the role of gait instability as a mediator for falls in older men who are obese.
A strength of this study is the prospective ascertainment of falls. Prospective collection of fall information is essential for evaluating risk factors for falls in older adults, as underreporting has consistently been demonstrated (Cummings, Nevitt, & Kidd, 1988; Hannan et al., 2010) . In the current study, fall information was collected every 4 months using mailed questionnaires, and about 86.2% of men completed all 15 questionnaires over the follow-up period.
This study has a number of limitations. Although participation was high, fall rates may be underestimated due to imperfect recall, and falls that were reported may be biased toward injurious falls. However, we could not evaluate this possibility because information on injuries associated with falls was not collected. Nonetheless, fall incidence in the current study was similar to that reported in the MOBILIZE Boston study of community-dwelling men and women aged 70 and older (0.83 fall/person-year with M age = 78 ± 5 years; Kelsey et al., 2012) , but was higher than the rate reported in the Study of Osteoporotic Fractures (0.48 fall/woman-year with M age = 76 ± 5 years), which similarly used 3-month recall reporting of falls (Faulkner et al., 2005) . Although fall rates are similar, there is undoubtedly room for improvement in the self-reporting of falls in older adults. Finally, this study only included men, and it is possible that the BMI associations we observed are not generalizable to older women.
The MOBILIZE Boston Study is the most complete study of incident falls in community-dwelling Americans to date. Of 765 men and women aged 70 and older (M age = 78 years), participants who were obese had a nonsignificant increased risk of falls compared with normal weight participants (Kelsey et al., 2012) , and no age interaction was reported. Those above age 80 had the highest fall risk, but few were Obese II or III. Strong independent risk factors for falls included a low Berg Balance Score and slow gait speed, indicating that factors other than obesity may contribute to fall risk at that age. Therefore, those above age 80 who are obese (13% in MrOS) may need to focus on targets other than weight reduction to prevent falls.
Obesity in older adults is accompanied by multiple comorbidities and physical limitations, and both weight loss and physical activity interventions can improve physical function in older adults who are obese (Villareal et al., 2011) . Multiple observational studies suggest that weight loss is not associated with better health outcomes (Barrett-Connor, Edelstein, Corey-Bloom, & Wiederholt, 1996; Ensrud et al., 2003; Lee et al., 2011; Villareal, Shah, Banks, Sinacore, & Klein, 2008; Wallace, Schwartz, LaCroix, Uhlmann, & Pearlman, 1995) ; however, weight loss in these studies may be indicative of poor underlying health status rather than improved diet or exercise. Further study of safety and efficacy of weight loss therapy in older adults is necessary. Recommendations for physical activity are being tailored to older adults (Rejeski et al., 2013; Sparling, Howard, Dunstan, & Owen, 2015) and should take into account the increased fall risk in individuals who are obese in this age group. Interventions that include strength, balance training, and walking show promise in preventing both falls and mobility disability (Pahor et al., 2014) . Because the higher risk of falls in older men who are obese may be mediated by dynamic balance, further studies are warranted to determine whether targeted interventions to detect and improve dynamic balance can prevent falls. Moreover, because even non-catastrophic falls can increase fear of falling and limit physical activity and life-space mobility (Lo, Brown, Sawyer, Kennedy, & Allman, 2014) , additional research is needed to better understand the circumstances and risk factors for falls in middle and older age groups. This will allow for fall prevention and physical activity recommendations that minimize injury and disability due to falls in older adults.
